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(57) 

[B«] ^Pf-f >i>X)U7w K^f V*5~K (PD 

[flirt] C©5S98tt. t hJlM97;i'7'3>7'I/'7'nE5»J 
S n- Ft"* D N A i t h P D I tffi £rt&Sr& 

seas*. fssa-a-sdtcfcaPD 1 

attne. ^s^ffi^Ka^fflg^ t^rffl* y f 

^T*? 1 F©MSa*©rSl±*«IfiBt!S:ofc. 
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1 

[ttlMMlottm 

[K#«l] t r-7"ci-r-f >vX;V7-< F-f 7*7- 
tfKSffl©- bFitariS7;i'7'3>7>7*na#|£:3-F 
nDNAtthynf-f>v^l'7-f F-f 7*7— 1£ 

[R*«2] E?JS<t2lC*3n*-2 4#l~+4 

9 l#B©7S/KE*iJ£:3-F-r**&£E?!ia>e>J£ 
*. t h^DT-'f >yx;i/7-< F-f v*7— tfBSffl 

CD. t FMg7JU75>7V7 , DE3?>J£3-FT<5DN 

Att F7*ptm'>vx;v7^ F-fv*7— tnae^t io 

MMK3I 3 ] fflettSEHtfE*** 2 fc* 3 *l* 1 

*JB2iE«oasitfe?. 
&#. 

£If3frS 5 Xtt 6 EttOiNnEStflttTKaS 

MMtgs] s*JBi~3©^rn^-jaitffiacoa 

-ftMSL. 

JO 

#£J§*LT»&At F7n5M , >> ? /Ul'7-f F-fV* 

[11*91 9] ^*$nfcW8BffiftAt f-7*Ox-f>i> 
^;U7W F-f 7*7— tf£, iSUktt^^Ai'OVh^ 
7 w - tC «k o TiMKEIKi- 5 C t t "T 4 giJjftS 8 

i o ] mxm. 7-9 ©v»rn*»-«t-E«© 40 

4 9 l»B©75/&E*iJa>e.j£-5ffl&*.t h^Bf-f 
>-7X;V7^ F-f 7*5— if. 

Mt*a 1 1 ] jHtamttttit** 1 ~ 3 ©t»rn*> 
[K*^ 1 2 j *a£jMwss«iMpftTft«R* 

931 l|2«©JBH£&fl:. 
C8?*B 1 3] *M53Se?*ft hjfiifll7^73 >£n 

- pr«se7T»«mm 1 1 Es©«m«E&*. a? 



#&W6-3 87 7 1 

2 

ci9*js 1 4] mim. 1 1 ~ 1 3 ©^-rn^-sicE 

Q©JgH«£®#(*rC. t h7*Dx-f >-7X;V7-< F-f 7 

tjte^ti^segfrs^'j^yyFsn- 

F-r***iB£?£ &#58SS-a-TR# U FSS 

[ff#9!l5] ^U^^F^t hlfilfil7;i'7"5>r 
[«SU©P8fflfcia§a] 

[0 0 0 1] 

[SfR±©«JB»lH *589itt. tf'J^^F+fflxX 
^7Y F&£©£&K££M&t^5d£IC«fc!)#'J'<7' 
? Fo»Jfc«Kfi»J«*«arr«BMt7'n?-f >-7x;b7 

*«^i:*Jlltf«J'WP*3-F 
T*fl-*iSfe?i:©£35?it::B8T*. 
[0002] 

KfcfccDSffi] jn vitro -g©8!ttgea©ll^(Ref 
olding) 5?a©iB««t»5. #'J'*7? 1 F©7:i— -fcx-r 

Sttft 1 7 n 'J >^ 7"^ F ©S&itBStf* * d t tfjo 
en (Freedman, CeH 57, 1069-1072. 1989;Fisher * 
Schmid, Biochemistry 29, 2205-2212,1990) . 7*— 

*t lt.- &£ictt. ^7*?-7;>7*nu;P->x r-7>X 
-fy*7~ tf (pp i) a*. W#cii7*n-y-f 

7* F-f 7*9— tf (PDI) i^jfl/P+S^fcai* 

^v>a*nrt»a. in vitro ©guma. ^ne©si 
**«. «feseH©^fflfS©as*{Ej&r*iii*»^$ 
n, -eg^i^wc^$nfc^fissfia©in vitr 

p_T©Hffl^©fiJffl*^^.6nTVi5 (Schein, Bio 
/ Technology _7, 1141-1148. 1989 : SSiSSE. B*fi 
£fl;3*#i£ 64, 1035-1038, 1990) . 
[0 0 0 3] PDIB, W«fe, *9LM®fH»>&It 

^enrv>4. PDitt. 5=-^-;p/-7x;P7w FJS-& 

JBjfc • Sftfl; • »« WiS5c€:rT5 Clt^T?** (Free 
dnan, CeM 57,1069-1072, 1989) . PD IBjo vitr 
o Tli RNase&t*©^— F^-f >*6ft-5aeH^». Jfa 

^7^7*5 >&t*©#aF^'r>*e.^-5sea/s:<J:© 

» : Frt-p©vX;U7^ FSS^©^J«-?>3SfME«:!£(EjiU 
fcO. Xtt^fi^n7"U> J f»7"0 3 7-y>ftf©«fc7 
*U-7"3.= -y F«|jiS}$OSe9©^KT©-7X;P7 

-f P»&©»jfcte2©EjSfcffl*f*Ci:^&ttT«r> 
5 (Freedman, Nature 329 , 196, 1987). 
[0 0 0 4] «fl.S**©PD Itt. S«^aiB5^ 
7 =FA» S * 5 $ 'J ^ 7*^ F © Ji^E^-f V - 1 UT#«E 
U ^*5»TKttffi©S5^ p I fit (Pi 4.2~4.3 ) 
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3 

[0 0 0 5] htf>ffFB&&0>PD I lCOl>T, 

©Htt«ffi73yBEM*»ot#A6nT^S (Edma 
n et ah, Natures!? , 267-270. 1985). ftl/H* 
jn vivo-M >z/3*V>0*J?*)V74 FJS-&& 
STcb^O, RNase ©^*;i/7-f H»&©SE«E**(E 
It^uWrf, in vivoTCPgaRfP?*— JI/tV 

(Pigict & Schuster, Proc. Natl . Acad . Sci . 
USA 83, 7643-7647, 1986), 

[0006] pd i ©±#rt-c©#aE&tt, mmomm 

*BB®#tea»0a^fcJ:-3T*tt**t, -o^i: 
t. *H6T***4ra0RaR©#tti©BK«Btt# 
Wet, *lt. seKa>»soB(cSir«::&«t 

»snT^*/hBfWa«fcPD I *«fi»fcJBftfcl/T^ 
5Jlfca^5, BBrtlc*^TfePDItf«. gr^<-& ^ 

asn*»8«aao^;w7-f H»^o»«fcB4t 

T^5i*56*hT^*. ftBBBdB'S' 
jS*£fflV*, ^fJ«t IT r - ^'J 7v >©^^£ 
frK PD I SiSl«l/&*B#»Bff»Ttt 

A»S£:A/HjB&A:V^ PD I 

Htt^o»iSB«»H(i[-r*t^5it*fcj:oTaa»a 

nT^5 (Bulleid & Freedman, Nature , 335 649-65 
1, 1988) . 

[0007] PDi^^m ztzfry j \*ts&o» so 
SE^OB^EWK. BBR©Bi*©»®BBEa;K:* 
Bto-DTViSKft*«#6nT^*. BAtf, PD I tt. 
yn37-y>(O^DU >a»**BfH-*:7a 

^J8Ba«©N-yU33/;WtC!>iiBT, B 
BifrtDSn*^^? H05/yi-ABW Asn-X-Ser/Thr 
ftBBr*yU3^Ms»ttB*aaR(PlhlaJanleBi 

et al., EMB0 _J. _6, 643-649 1987 ; Geetha-Habib e 
t al., Ce_H §1. 1053-1060 1988) , SSfcSfc, ¥ 
ttB^^XA'&B^Sttriiodo-L-thyronine binding 40 
protein) (Cheng et ah J.Biol. Chem . 262 , 11221- 
11227, 1987)fc££<DHHfe&«SSn. PDI»fOI 

tf*. 75/BEW±fc*^T«Htt#»*»?aWi^ 

manrvis. -tn6©«tbri*PD i«>jstt«ttt 

#*&ftTtr>fc73yBEfli«Btt#**EJI*» 
5. itx^y* Fa£©»ttfcS«B**C£*«ftv»ai 
Stlfc7*U hafcfXFoliitropin) ^;H-atT> ttu 
tropin) ft: if OttBJlB*;^^^ (Boniface & Reicne 50 
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4 

rt et al.. Science 247 , 61-64, 1990), *X77 
?'^Ky^HM5-t:X^7i^ h«:l,2-^7S/ 

»cln*»»-r5»B-c*0-to5}^rtJCPDi tffi^tt 
S»OB«««#«Er«*X*U/t— KCft£t»»6n 
(Bennettet a!., Nature 334 , 268-270, 1988 ) , 
PDI^PDI B»T©BBrt^"C©*t>86TlEBa:± 

[0 0 0 8] a±«>J:5KItt8ft:ffle3&^*SnT^S 

*«, pd i «>±ft»*tt»Trt2fctf»TiB©^x;u7-f 

F»£©JMtfc*«BU X«©»*»B*»t>&Ba 

K^£fc*fiBMfcfi©PD i**b 

BftK«B**BB-r*fca6lcABiSn*. for, 

fctl»Ji^x;i/7^ F££&r9-*3aRaa&0> 
»Wfi^:i#fiSW. B*©a«tBfi*©B 
BR-<4»fc»»BeRa> *MrtWiM:»?« 
&*S»jSt5iH© 1 O^CO^?^ F-f 

BTtt* ^XJU:7* F«S»*£UT?*l/F*5'>'> 
?*VH**»tt^;V7-f HBjnBBtb 
TttPDIiDW^-CMtf, -rv**— Kfcut© 
B*ttJ;<&lr>. ftTnv*)V7j F»£tt, # 
»«eHfcB«KK:*sn«J:i*6, #SB0>Afr>fl 
B*S^I4tt«:6W^7-f FJMSffcfc^LfciJ 

FB^sttiwss^eifc^asna^ bbk 

5y hflDB^©BB©B»»ftPD I mRNA^Scoit 
tt afrB>»B. »B>»>B*. BB><bB>B0> 

B) *SC©Ct tlT ^-5 (Edman N 
ature 314, 267-270, 1985) . 
[0 0 0 9] H7E«nfc«BOB«*«aH'&* 

h^>h^ft^i5ftBBfe»fl!)BBrtT4C*. 

Ktt£ttBB&Jttk£<IMIIB-C 
tt, vXJl^ F«ft»J«KBfe*H*fc*ns*JBfc 

oaa (3>yv-h*>h) icB»tto»v>3;x^7-f 

F»* (yX^7^ FJMtfc) »*#*SK#«ELfc»t 

[ooio] cnsrocDj«ttaaADNAtt«sffl^ 
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5 

[00 1 1] LjQ>Lfc#S, H**Tin vivoWST^ 
[00 12] 

[»M#«*U*3tT*WIBAl in vitro Tflgfe 

aaaowtta^owaxtt, ^jart-cco»^gaso 
tto &mM&x<Dmm&&v>pn i ©aattn***fc;s 

[0 0 1 3] *aWtt, t FPD I^S^COt hjfilfST 
Jl^SVr/U^nEJOftn— FTSDNAfcfc: FPD I 

ae*fc*sd«a<aae^ aaiSsae^^it^rtT 
aasttaaaati'*'-. a^j^-Ta^awaa 
asnfcaaca^ «»a«Ea*rt-e*a«ae?« 

[ooi4] $^tc*^ #aa^raftttx 

fi*ae?t*-ao»«<Ea», &tfKJS£B&&#i*iT 
t h p d i &tAKft*aeT&ftaa3t** c t tc<t « 
k# u f aaaas *a«-r * n t * g w tt 

[0 0 15] 

»sa*-r*fc«6ic«a«*Lfc»*, fcMi«7/k/ 

vzivyj H^y>^— EaeTtsaiei/fcafirPft 
teau c:n*a*aA/«5Bii«^^-ftftfflL&c 

[0 0 1 6] «TK*»W©#»£RW-r*. 

[0 0 17] t h^D^-f>vX;l/7^ F"f 7*7—1? 

(protein disuiphide isomerase ; Tpdij £P5?W 
*) cDNA$a-Hn^D->H. fcHffBAgtll 

c D NA7^f ^7 U — fttf b FteffiAgtll cDNA^f 
75 U- (Ciontechtfc) &*©J;5fcLT#»*ft 
*. 

[0 0 18] thlfe&^thfl&SAgtll cDNA5*f 

y^u-**Bafc7r-y«»s*, *a»a*. 77 

-S>DNAft:7^Jl^-i:H£TS, -2r\ fch7ny 
> 4-*&{fcgg5R (PD I t^-^W^B) cDN A 
[Pihlajaniemi.T. S (1987) EMBO J. _6, 643]<Z> 243 

#Bft>& mmBo^Bffla>tiimm\zitj&r&M mer 

©7 7-S^DNAfcEcoRI ifWfcU ft6nfcftl50 bpCO 
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-f >D— hDNASPDI cDNA^^ , J-->^P r O-y 

[0 0 19] £<D£z>\ZLX&*>ft1t&$i<Dt&&>7U- 
>£EcoRI iHfcLTBcoRI *f h DNAKfr^ 

&u pihiajaDieni eu^Maaaaa&itttb&a 

a. ifes*o^D->(pHPDii6) tm&&&0*7u- 

10 >(pEPDIp4) tTthPDI cDNACO±g^*A*-b 

[0 0 2 0] H*n->0DNA8SE*i**£L&» 
tn5©^o->*tEM*^ift:**n-5±«2454 
jft**t*SJ*<5khPDI cDNAft3-FLT^*iIfc*«« 

^tfe. *&, *©tt*E50^6«5e*nfc75/aa 

MttEM*#lfcS-r£*DT*o&. EM*, 
>/^Hte Asp 1 A>£ Leu 01 © 491«CD75ya^6 

«*anT^*t#*6*u asp 1 ic*ff-r*i7a©7 
^ya^sa^^Ftt^y^-^^FeatoUT 

[0021] *aw*. PDi*aa-a±a«fcB& 

thJh*7;^5>afi : P^w^nEWft3-F"r 

saw**. 

[0022] aaaae?!*, a^iaiac^*** 

o\z, MPD I afiT-©±«ttt^U^DEM*3- 
FT*DNAftEB31t&£fcK«koTftsaan#3. 

3M.&*1T^*) IC$i2i-r^^86cO'J-y-E^Ji:tT 

30 ttt hjh»7;^s >®7u:/oEaiK:njrr*(MHi 

[0 0 2 3] JMfcWlCte, fftffi£D-> pHPDI16Rtf p 
HPDIp4 DNA£, **EcoRI/Psth PstI/BanflIT*8ft:U 
&490bp Rtf»1.3kbp©DNAaBr*», ffigrfrfcEcoR 
I/BamHI fflfc^XS F^d? ^-pUC119lcaS§L (phPD 
IEB), Kunkel& [KuDkel.T.A. (1985)Proc. Nat 1. Acad. S 
ci. USA 82, 488 ] (C<t0 cDN A±<OP D I 

E^itPD i#ff&«E>aM»^«asaNaei«antt 

^ S^AU(phPDINae), Nael/Hind III StoOPDI 

^y^EM***tt^»i.7kb ©pdi dna aH-«a 

[0 0 24] 

pUC119^EcoRI SftL, ^tlfCXhoIU^- : 
5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

£SfeU XhoI/BamHIffl{bL, Z.ft\Z\z hik$17)l7$ 

> (eit thsaj tK^*r^>> yu^nEareaau 

(pUC 119 Sig) , Stul/Hind III ?8ft:L3.2kb CD DNA 
5^ (HSA7 r l/yaEM©-&)«tfettajC©S8M 
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[0 0 2 5] phPDINaefi*©1.7kb DMA BrtttpUC 119 
Sig £*©3.2kb DNA WfrfcaaSUphPDILyl), EcoRI 
Mft, KlenowWfrfciSVSfl:, BamHI i8fc£H*fTo 
THSA^U^PS^ITSitCt hPD I##£ft$Lfc 

UB2B) * u-5Meara^©BB»e?*B*c 

[0 0 2 6] *»qB©3i<SffleT©fP§l*ttRr?*©fi 

ftsns. ttB£fi£?aattttti*£B©c8fl 

[0 0 2 7] £*l#?2lC»;£n*-2 
4tg-+4 9 lSBOTSyHEWSn-HTSJS* 

Efl*&«*Ba»»fi**ffi«-r*. ceo 

t[SE^i<i:igswtc^«o^^'rse : f. mahb 

ft* FOSSS»cS^< ttg2EHI0>B8tttt±T* 
WHKlfl^an*. *BW©*BBBfcJ:D. 
*BWttEWB#2 KjRSn*£*SEW*Sfc*BB 

[0028] *$Mitts&K, *56wa«iae*ss± 
[0029] *»wji«fift*€a*attfc»©^*^ 

-tt. B£rtTBB^«T*DJ.:3ttBB**-r*fc© 
B±BB&BftL**fl*6B8 

an&U^Un^tfMWEMftdtr^^^-^ IS* 

t^abrffiffl^ns. a*, wnsa* 

n&»B*T©aiiaEHR*RitBK:-rav-*-EJ(t 

[0 0 3 0] *RW©»S^*-£B!IIT*&»©'* 

**-ii/rtt. WA«#uiiAic<k*4$Bi¥ 2-1173 

84^aHcB*«>y a H pJDB-ADH-HSA-A 1 0 
-C#RB) tfftfflSftS. :^7X5 HI4HSA cDNA£ 
ft*. *&»*7JP3-*xk Fny*- 1£I (ADH 
I) 7n*-*-. 7>tf->U 
>BJffig£^(Amp' ) , RtfLeitfBft^SftA/W*. 
*©fc», ca)^$F^ XholBflsU KlenotfBrtt- 
fc«fc0¥»U BamHI ffiftbTHSA CDNA&BST*. » 
*>n*:$58kb DNA Wfr©5' «*KU>ttfl:Ufc«. tt 

a©*»wBBfie?«BB**;ifcKJ:!K 

X3 FCpAHbPDILyl) SB* fc-feSA/, * 
BW©aBBft*ft5ffl**»*H»OB««*-rci: 

[0 0 3 1] *^w«$^tr, *BW©B8^f 

[0 0 3 2] BifcLTtt, tt«SA:£©Btft 
MB, RtfS**«*tfSn, WCP r P-b5/>y&iM/T 

teSSTfc*. ifiiP&tbTttU Saccharomyces ce 
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revisiae ^dWfrft, *£B©»Rfl&t*©fl£B£fe 

©oih#t**#. mmm^oummm a* 

BB) t>^±i:bTffifflL^^C:t«a^T*^^. If 
£BBA>©BS^**-©BAtttnBW#ttrBBS 

afl[»att&t*ii±o*aic*ttanft*. s»© 

*»(E»*I4. 5£g^£*-A*pAffliPDILyl©®^ 
J0 nfcB*«SD(-Leu)yi/-h±T«a-TS^i:lCJ;o 

[0 0 3 3] ftoT, ±£©<fc 5 iCbT 

* H t \ZH * BBX. thPDI coSig^S *«*f *. 
#f§i91©£&as®t;:<fcn«, *BB©»B*«ri6rFfc 

[0 0 3 4] W*>. ^BWBBBftT^e^ATBBS 

*fi*a«^«ft»«^*^-««B-r*B»a:, b* 

SBEBS^a'-^BBBBUTBRraMfrftBaB 

st£S*^«atTB^At hPD i ztimzitzmm 

[0 0 3 5] fi£fcUT»*ftffl^*«£fctt, kbP 
D I mmft9>/*t?Kfi?ut*s>#&&\tfX* iiam^ 
fchPDI#»e?BB£LT#»3*l*. feWfffii: 
bTB«a*©«AM5*BB» ttBBB©B£B#B^ 

[0036] &&#m\z&r>mmt%m%i&t$:ftm 

30 U iMfcfcUTttB&BWU &K«*«lRi1B«fc 
-fc^*::il;:J;DBB*.khPD I g^BtcffiBW 

Wx.tfTSK-gel Pbeoyl-5PWB*tt*7A GfcV— 

so *««BSft». ^©BftBBithPDniKci 

(PH 8.0) +0.85M*6 0MBB7> 
*=*A^©BBttfi*4jEfc«fc0BUSftB* (S4 

0) • SDSa^ScSii^tff (B5B) jfe&BBAfchP 
4£? »55kDa ©#^S£;&U *fcX^7>^H 

U ^ U7-ifA©S^J*©eaSJggt LT££f 
^CchlC^O, #enfcffi^AthPDI«PDIStt 

[0 0 3 7] *«H#ttlcJ;oTB±sn*Bft*t h 
PDIil 35«8BOt HPD I tifc«l/TN3R«j75y 

*BBtt 491«©75/B*&**EWB*3fcS3n 

^ Gly 1 Leu 491 ©75 /BEW^SW/San 

«B»*.b hPD I ^'bgftf^. 
50 [0 0 3 8] *B5BttS6IC, ftKBpIBtt, thPD 
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5DNAi*&K*BBEeffc, £g£BW<hf*# 
CO 0 3 9] Mt^l«>t>C!)Witese7j:tt^XfiC 

snfc^^^-sttftA^^Aaatt. ^ah^ io 

b (m7iD^h) -#yxfi/>jr»j3-A 
[oo4o] K^saBepicioTn-Hsn^su^ 

^^F+O^X^?* FB^0»J& X»E*«Sfi 

SftfcPDISttCD»»]WBfiW«, jPU^^HO 20 
7*- )W4>9. BaMFKHW&BeHWtLTB 

*fcR»*afi J FtbTkhJftl«7;i'y5> (HSA) 

[0 0 4 1] rtfij^^Fj tezmm 

[0 0 4 2] tt®HtLX\t. *®W* tt£Sfc£CD 
BtRMB. »*»Bft2©«*«B3»«*»f 6n ^ 

*:/?FSfl«L1»*»£. «l*l«*iBW*b 

[0 0 4 3] *5MJttS&K. ±fB^Sffi&#rtT, k 
F P D I BE^tttfctfU F*3 - F"T£**ia 
C : Pie*»aS*TK*ij^?F*B±S'&, 
ttaRU^^FSEIJH-rs^fc^Sjat^aRU^f-F© 

[0 0 4 4] *BB0£BBBK,kD. kFPDIfgSi 
^7X3 Kfi«^THSA4iB«»H6»l/Tff6 40 
nfc**rtT?HS ARtf PD I £tt&0i&Jfi+T#5£St 

^BicBsstt&B^fcit'CT, HS 
[0045] BBfcjdKsna^tottJi^ *5£9i 

[0 0 4 6] H S A 14, 1 1 m<Di/?s)Vy << F*£££8 
oSSSTfeD, in vitro TDgftgagfrfr 

os«a*Bfc*^Tfc*aB»s©PD i o^fiiccfc 
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*. 

[0 0 4 7] 6?#H I S 2 3*fc«fc-3T. HS AttpJS 

ttfl^fcurattaft***. HB#©Bfii*fc*>HSA 
»w*a*nr^-&. sDssascSdtttc^o, sas 

-a*> F hTlEfttm s A5H 1 i BI-©*a*STa) 
»fc/t>FWfcl/t*tHSn. HSaWCJEftftHSAfc 
*HSA»flt &mi>XJU7<t m&tfi*ft£lZB 
*56aS*fc«BT«» «Brt©HSA®fi7C»##«E 

Tto s d s aftiicffl'rJi* h s a»ti»meopd i 
c DNASSJSaa-ttT^ft^BSBfr&SfcBBrtH 
S A tt» t Jt« lxT«t D * t * o fc/t > F t LT«tfi $ 

nsct^e, pd ittHSA^rt®iE«a:^x;W7 

-f F«8£©*J*&«*U JcDSMsttKHSAa^oK 

*«a»**»tti/T^*tB*sn*. coed:*:* 

ot, «Atf, 3F3ttEftfiBft»^HSA®BBrtTO 

[0 0 4 8] PDI^56^$-a:^a^«i:$ii:^ 
ViiggTOH I S 2 3«t)fflBrtOHS ACOmRNA#ft 
fiSNorthern^ny httKlJ:DJt(ft-r*t, PDlSg 
TZRIgZVftmSlZH S AOmR N AB*tJtlDUT^ 
*. COCt\t> PD I^ftHSA^fcftUfll/T^ 
*l>Itttt*:»*Tfc<, HSABfi^©(E^l/^;WC*>» 
S£4ATV>*nIBtt**5R*LTV>3. LjfeU /hB 

>tf> U -5 r -EWfl!)B'&fc,k -3 T k F P D I tfi& 
SKHWB* 6»»sn& c: 1 1 h s AaiMMftf jmd 

LftCifctfWBLT^acifrS. PDII1 /hB# 
K*tr*THSAfc##U ttfcH S AKftUB L,£JIfcflt 

e5*««to#Wc*<&«t5ic*ils. HIS2 

3flci0^nfcHSAi:PD I OlWi, PD 
IBHSAOftB»»SntiO, 3&£BBrtlCtfttH 
3tl£kFPD I WVVbt&toCtfrZ* XftHSAtf) 
Id vitro -g<OHWJfifc*5V^Tgaiaafe^1"0Higg 
4:*n*PD lB3W+»lc|(W*B^B#rtT*««a 
ftT^*t><Bi«j£SttS. JKBCfcfcSfc, PDI* 
H S A KB»fWB LTH* C L/TV^<fc 5 (c^ 

AS. 

[0 0 4 9] ^0<fc^lC, HSACO^-CPD I 
D I *«B»HS Aa>3a5*«a*jSt«^Tt»SlJtttt*« 

^«ict3^Tfera-»Brt'CPD i &&mzm®$zmz 
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[0 0 5 0] KTc^JSWtC^D, S£tC#89i£8&9! 
[0 0 5 1] 

imm) 

fchPD I (protein disulphide isomerase)cDNA(P^D 

t hffrEUgtllcDNA^-f 7^1)- (Clontechtt) »100, 
000 £D->£ 0.2%OTJH — ^S^trLBtt* (IX 
A£ hh'J^hX IX NaClfccfctf 0. 5%-f-X hX* 

xh^^h) wc-ntaFai/fc^HWYioaottSffls 

500 /il i»&U Zti\Z IN MgCU 5 Ml £Ja;L3rC 

Tio^Hirairf* n fc (Cct D 77-^s*lii:«a 

ttfc. £ft*5Oml0LB±IH890Sifi (LB** 10m 
M MgCli*3<fctf 0.7%7^n-X) fclD*.fi£«, 23cm 

8tt«H«fcft, 37 < CT-«Wll/7r-^ft«Biia'tt' 
fc. ffSft3t7T-^S7^H- (Hybond-N, Amersh 
amtt) fc»U 7;V*UBK (0.5N NaOH ^<fcr;0.15M 
NaCl) ICgt^3MM j&SS (Whatman tt) ±|C, Vr~J 

oft^DS&±icf6]ttTi»rae^r, ttv^Ttsfflw [ih 

Tris-HCl (pH7.5)£cfcl£L5M NaCl ] fc«UfcfiBttK± 

fci»wB^fc. zt>\z7j 2xssc mm (20 

XSSC =3M NaCl *5<fctf 0. 3M^X>&H;J- h U VK) 
T*», Sttft. UVH»ft2»nfT5C&KJ:0:7r 

[0 0 5 2] 7a—7\z\t* th:/nu> 4-*HMMS 
* (PD I £^-:?>/t^S) cDNA [Pihlajaniemi, T. 
et al. (1987) EMB0 J., _6, 643 ] <D 243#@a>£ 2 

-DNA (5' -TGGCGTCCACCTTGGCCAACCTGATCTCGGAACCT 
TCTGC-3' ) afflDNA^dMI (Applied Biosyste 

[0 0 5 3] (20pmoles) £ 50mM Tris-HCl 

(PH7.5) ; lOmM NgCls , SmMv^X W h-;k 10 
0 ^Ci [r~ 32 P] ATP (—3000Ci/mmol, Amersham 

g£tD z^tstemsoui +T3rc6o»iBfi*a**Ji 

^-ft^WW^U^-f-tf— >a>«« [5Xt>M 

>, 2X7-f3-;i^ 4oo*cfc»2x#u kx^kdu h 

» , HI NaCl , 50mM Tris-HCKpH 7.5), lOmM EDTA 
(pH8.0) , 0.1%Hx->;i/1f^n-»^hU^A^<i: 
MOug/mlCffl^ftfflllSU&lJ-lrlfffDNA] tC37 

•ciBBaufc*^ ;w^j^-k->'3>«« (^ 

UA<y»J^-K— >3>B«C»10 > cpm/mlG>±BB 
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BDNA*^tT*8D *lC37t:i5B*fHBLfc. C07>f 
2 XSSC 8«6ffl^TSfiT?tt»U $^(C2 
XSSC, 0.1 XHx^Hf^ni/^K^hU^AS* 
T42X: 30£»mft # Lfc«X«|7-<Jl/A (XAR-5, Kod ak 
tt) K-80t:T-ftB#Stf&. 7*JUA©S»«>» 

H, l*X^ I J-X>^T8OC0Stt'>^;P$:^. 

7^-h*&y^«frfcUT«DttD lnl®SM8«* 
[lOOmM NaCl, lOmM MgCU , 50mM Tris-ECl (pH7. 5) 
10 *±tf0.01X*7?>] IC«U 4TC-C-ft»HT3;i 
(hiCcfcD, y;y+07r-v€rS*4 I (ClHlKb^. CCD 

n->tUTaofc. CO^n->ico^T$e»tC3^ 

[0 0 5 4] #enfc^tt^n->07T-^DNA £Le 
der ££>;£S [Leder.P., Tiemeir,D. k Enqaist L. (1 
20 977) Science J96. 175 ] \Z&Om&l>lt. ftbtllt 
7r-^DNACD l/52£8fc [lOOmM Tris-HCl (pH7. 
5) , lOOmM NaCK 6mM MgCh , 6mM pUI^t/hX^ 
O.lfcif^X 20/£g/BlU*5C^l/7— tf 
A43£tf20mfi:<D EcoRI (Xy#>i?->tt) ] 50m 1 

+T37TCieiBHBfl:a, o.8X7#a-*y;ior«»» 
atffofcM*, £0Btt*n->jM»i5O b P o>r>^ 
-hDNAS^tf^trt^ofc. ifyXrtVy- (Ge 
ne Clean", Bio-101 It) MW>^-hDNA* 
#8i-»S*L£o ®«LftDNAKfrtt20ngfc EcoRIT 
30 ?B{r:bfepUC19 ^^^-JKllOO ngtSDNA^-f 

3>^;h (SSJSlt) A^20mI • B«4/zl <OM& 
«*T16t:i5ttlHlElBaii-*Ctt<fcOHDNASii« 

stfca*^?7xs ks#&. ccDs^mo/xi 

tiTMandelft [MandeUM. & Riga, A. (1970) J.Mol.Bio 

I. 53. 154 ] KJ:D*BaTGl*ft»IME«l/fc. 
ff6*lfc»B«lft#*25/£g/Bl7>fc:^'J>&*OL 

BiSiS 100mIT37 , C-ft«Sb, 7;U^'JSSS [Birn 
boim.H.C.fi Doly J. (1979) Nucleic Acids Res._7, 15 
13] KiO^XS HDNA^fflSbfc, Z<D?77s^ 
40 FDNAlO/igSSRClOOmM Tris-HCl (pH7.5), lOOmM 
NaCU 6mM MgCli, 6mM ^;U*^FX^y-;K 0.1% 
Vy^y&kZf lOOmao EcoRI (Xy#>v-> 
tt) ] 200 Ml *T37 , C 1 ^ffl^fbS, 7x/-;ua 

^«»8cftfr-3fc. i^lSObp ©>f >U— hDNA^7 
X/^y-TEIiKb, £ATlCi2-TPDI cDNACOX^U-X 

[0 0 5 5] t hPDI cDNA<D^:fi^tJ^D->^#^ 
&&TfchffFEUgtllcDNA7'f (Clon 
5(? tech^t) »50.000^O->i5ctt;t h^SAgtllcDNA5 
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IBlSObp thPDI cDNAgrfrttlOO ng£ [a- 3, P] dCTP 
(>400Ci/amol f Amersham *t) *3<i;tfx^ h 7>X W 

— >a>*yh (Htt) sffl^TjkWttsaufcto* 

>S^lCiB10» cpn/Bl©±E««DNAft^&»iS) * 
IC601C15«W«bfc. :^7^M-$ 2XSSC 
fflV>TafiT«s»L. SSIC 0.5XSSC , 0.1% Fry 

;nf;m h u v i*®mrtox: i i$fflifc#Lfc& 

X®7>f,iUA (XAR-5. Kodaktt) lC-80t;T-tft®#3 
-cfct) 6fl. fe& cDNA9-f y^U-iO BflOBtt 

9U-«fcD4«, JB« cDNA5^^7U-«t0 3fi© 
[®ft^a->£i|i[gL£. ftsnfc7O(0^a->£> E 

k^*-puci9 oecori mmz^yzu-y 

»H«fMSLfc. -^coig*, JffB cDNA©406±ff 
J5&8 cDNA©2'33»«2^IC*-/t— ^y^bT450, 

^cD5^0FE&3fc<&^n— >l:3(pHPDI16) <h 
B&Sfi*0^a->lO(pHPDIp4) ©2^>"CBMi:"r5 
thPDI cDNAO£g£#A-LT^£C:<h*t, £tl£<0 
5? □ - > t P i h 1 a j an i emi 6 (D ^ n - >® MIB0 IRAH © 
Jfctfefc&^fflSttfc. ffi*n->fctH>T M13 SEQUENC 
1NG KIT (X&tt&ttt) , M13 Sequencing Kit 
10 fcitfSftDNAS'— £rx>U— (370A, Applied 
Biosystemslh) l;:J;9DNAJtt*E?»I*fc£U£. Pihl 
a j an i emi ^ Of-^ t OitKlC J;0i^n- >tt£fi24 
54Jtt»Jt^6ri6«tMDI cDNAft3-H-TSJli*t?B6 

[0056] h h p d i pmrnftm??** wmm 

±EOthPDI cDNAS3-H-r*2t3<D*n->pHPDIl 
6 *5<i;tfpHPDIp4 SfetfcbTk hPD I (OP^tC^tt 
*«affl^X5 H*KT«)*BTrl9*U& (IS 10 
A, B&fctfC) • 

[0 0 5 7] 7;i^*'J*BttKJ:0nHLfcpHPDI16 DN 
A mi /tgMK [IOdH Tris-HCl(pH7.5), lOOmM NaC 
1, 6mM HgClt * 6mM bXf/ — 0. l*-£ 

^x io^fico ecori (x^#xx->tt) *<tmo 

*tt©PslI (Htfc) ] 20 u\ *T3nC 1 WmUBflSfc 0. 
8JK7»n-zy*T«»»aftfftK PDI cDNA0>5igflj 
EcoRI»&PstIffi£a>tt490bp ©fi3<DDNA8rtt-£^ 
*X/1">^-fcJ:D#S • SJSLfc. -* pHPDIp4 DNA 
$)lu&&mm [lOmM Tris-HCl(pH7.5). lOOnWaCl. 6 
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X lomficopstl (x? i5J:t;i0*ttco 
BamHI (Btt) ] 20jtl *T37t: 1 fSfflSfc&f^ffilCb 
TPDI cDNACO 3' ffiflj|PstI**& BaBHIffl#©»l. 3kb 0 
fiSODNA>rfrft5Ma'«aLfc. CI©* SICUTE 
«LfcWDNA>fHr**HFn3B50ng*J:r; EcoRIfe^tf 
BamHI TififcU SttlCLfcT^XS K^*-pUC119 
DNA^OngS^fljgaODNA^-ry-va >*y h A 

CS&bfc. fig9Omm0X-Gal (50u 

g/ml 5-^n*-4 > H UJW- 3 - 

D~%72 htf^y^H* 80/ig/ml-f V^nfcT^-fl 
-D-^*#7^Mf9/^K, 25Mg/nl7>fcfvU 
X LBigifrfccfctf \Z^1t. 3rCT-% 

iS^a, »6htatS3n=-^ 7^*UJMft 
Tf^XSHDNAftUBU «HB**fflV>&jWrft 

[0 0 5 8] phPDIEB^ ht\Z LT» KunkelS [Kunkei, 
T.A. (1985) Proc. Natl. Acad. Sci. USA. 82, 488 ] tCcfc 
0, cDNA±OPD I ^y±;HBWtPD I 
©»»*»rc*IW*NaeI«BS»ttft»XLfc. phPDIE 
B DNA Sffl^T*;U->»>AttlC<kO*BaBW313 »3> 

anx-S 150^g/ml<D7>tr>' , J>^tf2xYT 
J&ifc (1. 6X/\^ h h U y h X 0. 5% NaCl *3<i;tf IX 
A^h-r-XhX^K^^h) T37t:-%m«g^ff 
50 ofc. ^©ftMSlal* 150ng/ml©7>t!xU>* 

2 x y t fcifcsoiDi \zmm Lwx:-et< & Lfc. 
(od»oo ) at o.mRizMLfztzzr umo7 y 

r-^ftn.o.i.=2 ggTiDA37 < C30»W»©L-SS!l$ 

>$Jnx.37 , C20^K^iSS$fTofe. tt8!K&8<ti'5)' 
(Bfc^Ctff^n&±»»Cl/5 §© 2.5H NaCl, 20X#U 

x 1/ > 9 U n # 6000S* *in A b fcSSilT 

15#ra»BLfc. a*»IBK:^tf ff SnfctOR* 5mlO 
TEiS^ffi [lOmM Tris-HCl , lmM EDTA (pH8.0)] US 

i/ioeo 3 mrk± h u ^^*5<t r; 2. 5$a>x^ / -;u 

6llDjt«^-80T:T30»IB»auaii>»IBk:*ODN 
ASttRtUTHJKLfc. ^n^70«X^y-JPTtt» 
LKE«Ettft 100m 1 CDTE^^ICS^U^ J|^±C0 
^ffiT^SUfcdUS^trphPDIEB fi*W-*®DNA 

x*frt>fc. «awxffl'&a*u=/5«*u*^H(5' -c 

50 GGGGGCGCCGGCGCGC-3' . SiBii^h) ] lOpmoI $SJS? [10 
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OmM Tris-HCl (pH8. 0) , 10mM MgCli . m¥tt7.V 
< h-Jk lmM ATP ^tA0#tt<OT4*U5C^W* 
^K**— fcf (SSiSlfc) ] 10m 1 *T37t:i5#FB]K£ 
*70T:iO#fS]ijniI LTT 4 # U 2 £ tr& 
±IBphPDIEB ^-*SDNA 0.2pmol 
&£Tflu\ CD7X-U>y«g®ig (Site-directed nu 
tagenesissystem Sutan^-K, Sfijgft) tca®*SJn 
*J&»£&£10m1 tU -£0^0)1 m! i:±EU> 
S{b^S^A^^U^^U^HSffil/il £S 
ftU 65t;i55h 37t:i5^0^ 25m l ©WgiSffiffi 10 
(±£ Matan TD -K. Ptt) 60^& 0^:i§S DNA'J # — 
i?(Mutan ra -K, (3tt) fccfctfl i&te(Z>T4 DNA#U* 
7— tfOJutan"-^ dtt) £SDA25t:2!$flB£JS£tt6 
^tH<tDffitt®^Srfrr)fc. z.ommz2 u\ CO 
0.2M EDTA(pH8.0) $5n^ 65^-? S^JDtaf^C £ 

Ml £30m1 ^^:®®BMH71-18mutS3>tr-7 1 >h-fe;U < h 
**30«\ 42^458^ 6 fc*+l#ffl$«L 

>t. cntc 300wi <dsoc*^ {2%n$hw?h 

X 0.5*-f-XhX*Xh^K lOmM NaCK 2.5 20 
miJ KCU lOmM HgSO* . lOnM MgCli ^^^20^^1/3 
-X) SjD;U7r ll^ffl^Ufc. SSICIOmI OH13K 
077 7— ^^2niA37 < CT30»ra©B& 150/i g/ml© 
7 > tr-> U >£<fctf70M g /ml CD^T^f 2 
XYTigiftlml£Jn*., 37t:20BtlBHB*L&. fISnfc 
tt8tt£8fr5MIU ±S20m1 «@«U *®8MV 
1190ig«&80Ml ilcU 37'C10#IBin»«, 150/2 
g/olC07>tf>'U>^trLB^U-htC^^3rCT 

NaeiatfiHUAT^XS F£#8-r**>©£M13 SEQUBNCI 50 
NG KIT (3fC#8&Sttt) fc^fcDNAifigE^MfrlC* 
O^JSLfc. Z.O??7s* K£phPDINae£*{*ttfc. 
[0 0 5 9] 7;U*UMfttT«ltL&phPDINae DNA 2* 

1. 5' - TCGAGAATTCATGAAGTGGGTTACCTTCATCTCTTTGTTGTT-3 ' , 

2. 5' - AA(^GAACM(^GA(^TGM(M;TM(XWCTTWT(^ 

3. 5' - CTTGTTCTCTTCTGCTTACTCTAGAGGTGTTTTCAGAAGGCCTG-3' 

4. 5' - GATCCAGGCCTTCTGAAAACACCTCTAGAGTAAGCAGAAGAG-3 ' 
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*Mg£Sffi [lOnU Tris-HCl (pH8.0), 20eM NaCl. 7ma 
MgCh , 7iJ*{fc<BNael (Xy#>y->*fc) *5«fctfl0i|i 
ffiCOHind III (£fijg&) ] 30m 1 *T37t 4 3£fl8*8ft; 
ao.8X7^D-xy;l/S^»:a!i^fT^J»1.7kb ©££co 

a©avo h^iCcton-H-r^DNA^fn-^^n-v 

fbUfc^X^HpUC119Sig ©«JSftaTO¥fliT?fi-3 
*: GgllSJA) . 

[0 0 6 0] ?7Z* F^^-pUClW DNAlMg^S 
&[100mM Tris • HC1 (pH7.5>, lOmM MgCh ,50mM NaCl 
$3<fctfl2JJM£<0 EcoRI (Xy#>v->tt) ] 20mI * 
T37Ci«nfflMfcLfc«, 70t:5»BHnl»UT»*** 
fSSii:*:. *lt««*38/£l*«fc^irT-U77JU*U 

tt*X7r*— (S^igiD ^lra^T37ici^ 

IBfiHRLfc*. 7x/-;Mftffi£fr^ *3snfc*0£ 
X^/-;Ht»lCfflViDNAfelHlJRLfc, CICODNA 
t. 

5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

[66mM Tris • HCKpH 7.5) , 6.6mM MgCli , lOmM 
VttWi I — ;k O.lniM ATP fc<fctf 300»ft(DT4 
DNA'J#-if (SHBiBtfc) ] 30 ul fC16'C-*«S 
Lfc. C©SfSl0ui *ffl^T*MJM107 *3>K 

T->n*;p**;i'>'9Attca^»B<Eftu 50Mg/ 

ml(07>tf y'J >£^tTL B^l/- McS*3rC-*« 

lit ^en^npx-tco^r, 7JWfrysm** 

fl^T^X5KDNA*WU fMHBX*«r&fr3 

£ tJCJ: D @M£f5XhoI U >#-*«pUC119 EcoRlSStt 
fcJPXSnfc75X3 FDNAfcMlWflbfc. 
[0 0 6 1] KT0EW**>t?4a!i©*U=f5i^U* 



£S@!jDNA'&]5£© (Applied Biosystemstt, ^x^38 
OB) ftfflVsTftJ8L&. ^ne»&^$D30 pool ft, Sffi 
[50mM Tris -HCl(pH7.6), lOmM MgCla , 5bM^* 40 
XW r--;k 0.2mM ATP &tf 6*&0T4 #'J^^U 
^H+^-tr (SiBStt) ] 25m 1 *T3rCl»WE 

U^irU*?Ht*trt8KSJB* (tt 100 Ml ) 100 

t:o*rsic 5 »naabfc«fcaaT*»b7=-y >^ 
ism &saAi6'CT-e6ffiiaL, 77W>mb^is 



[0 0 6 2] ±a©XhoI'J>*-««AUfc^^-^ 
7X5 H 1 Mg^M [lOOmM Tris • HCl(pH7.5), 10m 
M MgCh . lOOmM NaCl. 1O*#0> BaniHI Uy*>i?- 
>tt) fc«fctfl2WttOThoI (S?@jgtt) ] 20m 1 ^T37 

*JB*sx^y-;wtmc±ODNASigjRbfc. c© 

D N A fc±5fi© 4 ^)(7>^ »J =f5t ^ U*? FflMMSfci 0 
^<5>n^=:$^DNA77^y>h^ ; eJVa»^ [66mM 
Tris-HCl (pH7. 5 ) , 6.6mM MgCli , IOeMv^XU^T 
h-;k O.lmM ATP 300^fi<DT4 DNA'J #— 

■t? ssistt) ] 30m i ^Tiffc-aaaufc. z<d® 

**^^Attk:ff^»»HCau, 50Mg/mlO7>t:-> 
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U>££frLB:7>-h±K££37r-lft£iaLfc. % 
D N a ©SSEaMWrfefr o z t \z <fc o a w t-r 

3 Hft pUC119Sig£*{tltfc. 
[0 0 6 3] ±Ba>*«"CflsSLfc:/5X3 H PUC119S 
ig DMA*7/U*>J*«ttTHBIUfc. u0DNA2/ig 
[lOnH Tris-HCl(pfl8.0), lOOmM NaCL 7mM MgCl 

Hind III (SS&tt) ] *T37t4ttlMMb» 0. 8%7 
»D-xy^«»*ffllC3^^ &3.2kb (Dfi^CDDNA 

Tl§£nfcphPDINae&*01.7kb DNA grH-$550ng£pUCl 
19 SigEfe*03.2kb DNA BK-fcSOngfcSaaa^-'f y- 
•>3>*!y HA«30/i 1 B&6m1 *T16T;30#[ig£jS; 

io At i sffl^TAius/^Atticio^BawaBioi 

3>fc!x>h-t;W (SaSStt) £»B«8«U 50 ul / 
nl©7>£3/y>**tfLB:/U--M;:*V>&. 

jfiL^Z^^^ ^ar/l^nffiWFafc fchPD I 
&WLLTz&<Z> OB2BD a»*.;/9X3K«HRUR» 
bfc. CO^XS HfcphPDILyl 
[0 0 6 4] HiOiiKLTftSnfcU-^-EWa 
$SPDI tBST^n-Jl^t Hay^— KUBfiT 

iOthPDI8i^X3FM*Lft. 7;P*'JS 
BtM::«fcDB«l/ft±e phPDILyl DNA 7 til 
[lOOmH Tris • HCl (pH8.0) , lOOmM NaCl, 7mM MgCl» 
EcoRI (X ] 100/4 1 

«t>T37'C2RflBJHft«. W07x;-^Dn*JP 

(fi»7xy-;i^nn*;UA««*B£bfc 

«i» *an*»*u s{^am*ji«&iJKu^. ceo 

IU/10£©3MftB:f MJOMpH5.3) *3<ktf 2. 5£tf> 

x*y-^*lnAB-&U -40lC2Wf|iB»El/&. »t 
lc<fc 0 » 6 n&tt«*70KX* y -^-cft#a«EE«:» 
L50at <OKlenow®£irij£ (Kilo-Sequence ^Deletion K 
it. SSBiStt) WWSU 4J£ffc0>Kleno* fragment ® 
ffiffi (SiB&tt) ^ftlA37t;457>rflSl£:$^^C < i:iCct 
OEcoRI «J»»»©Tl»ftSfTofc. CCMMtt:tH>T 

2E©7xy-^/^np*;uAftaj*ffft^ 
fc*Jifc:i/io«©3Mim^hU9A (PH5.3 ) *5<ktf 

aitK«fco»snfcfl:«fi70Xx*/-;^jsfe#» 

MEtSBU 50 Ml £>Klenowffigf& (Kilo-Sequence ffl 
Deletion Kit.SiSiStD K«#U 4»ft© Klenov f 
ragment (SHJfitt) £JuA37t:45#|yiK££tf * £ t 
ic<fc9 EcoRi«««#G>¥»fc*fT:3&. co^fSic^ 
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Sft&TKHlCl/lOlfoaMBB^-hU^A (PH5.3) *5 
<ktf 2.5£©x*/-;u£jnx.B-&U -40*Cii$faj& 
Btfc. aoir<fco»snfctt«*7oxx*/-^Ttt 

JM*«EEft»U 8&[10mM Tris • HCl (pH8.0h 60ntfd 
NaCL 7mM MgCli 45±tflO»ffi«)BaniHI t-;#>^-> 
tt) ] 40/i 1 JC*^U371C3RrlBSJ6a*fc. *§£tlfc 

L8kb <DDNABrtf-£^;Ut^-T#l8 
i0 ft. 7^*UBaft-CH»lxfcpJDB-ADH-HSA-A 
M*BB¥2-U7384*tii« DNASul [10mM Tris 

HCKpH 8.0), lOOmM NaCl,7mM MgCla $>&XttAW&OTh 

oi (Sfiatt) ] ioo mi ywrc 2«rmffifta, 71 

y-;W/^an*^AftUS 20fr^»&ftfc*B»c 
l/10£©3M#&^HJ^A(pH5.3) *3<fctf 2. 5&0X 
*y-;HfcjD*.B£U -401C 2«HB»B»a*«CckO 
tt&tbTDNA SmiRLfc. CCODNA Jt©^70%X^y 
U 50/xl aKlenoyfiBiK (Kilo 
-Sequence Deletion Kit. fflKBtt) K*#U 4H1& 
20 0 Klenoir fragment (SafiMt) £inJ*3rC45#[B1£Jfc 
***ctfc:J:DXhol«»r»»fl!)Tillfl:*fTo&. -© 

fcK »6nfc*BKH/10*©3MBa^KU«>A (pH 
5.3) 2.5*OX^>/— ^SJDAH^U -40*0 

^ £ tifcDNA ^70X xiry-;kTrft»««Ett»u, a 

m [lOmM Tris *HCl(pE8.0), 60mM NaCl ( 7mM MgCh ^ 
cfcm0¥ffi<OBamHI(X^#>>?->a) ] 40/tl tcS^ 
37t:757>W^{r:bfe. ^OSaiClO/il O 2M Tris 

^ *hci(pH8.o), noui v>mm*&&TS m$L<D*Mm 

C75 W*7**U7*X7r?Hi (3Satt> ftJD 

^.isu eoc iRfraMf 2>zt\z&mm®mB<D 
5' RuvafcBSSfr^fc. ^en/ts^in/io^co 

3MBB^"hU'>A(pH5.3) *S<fctf 2. 5S©X^y-;|/* 
JPAH^U -4<nc lP»M»fibfc. a*>fc«fcOitB£ 
LTDNA &[B|JRL«E4Ettft20/£l ©TEK«*L 0.8^ 
7*n-xy;i/«»*ffllC3^»fc. »8kb <DDNA BrM*«: 

^nfcphPDILyli*OL8kb DNA SrM-^SOiigfect^pJDB 
40 -ADH-HSA-AS*©8kbDNA»rfrW50ng$^©3fiitDNA 7^ 
>3>*y HA*30/il , Bfg 6m 1 ifi£U 16 
t: 2.5^F t Jj£tiK$-ttMDNA ^^n^DNA 

aaiotfi ««^T*^5/5rAttK:j:o*Bacfi0M)ice 

*REftb, 50ul //il©7>^>U>ft*bLB^l/ 

^T7;i/*U«BttKJ:Oy7X5 HDNA £SH8U fH 
B»**«*frft:3 ^ tick 0 @«<hT*7Jb3-JUt 

pdi *a«ufc^x5H*«»T*»Hca*ta« 

50 Lfc. ^©J:3lcUTfi»l/fcPDI WS^XS HSpA 
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HnPDILyl££tt#fc. £©*Qg©Jg«* 
[0 0 6 5] t hPDI &m&mmo3>hn-)\, 

SEISLfcpJDB-ADH-HSA-A DNA 5*il [lOmM Tris- 

HCl.lOOmM NaCl. 7mM UgCh , 24i£{£©XhoI (Sjgjg 
4fc) *±Of29*fi© BamHI (-^#>v->tt) ] 100 

20fTO»»6nfc*fici/io*©3iiBa^hu^ 

A(pH5.3> 2.5S©X*/-;H£iDAH£U - 10 

40 < C2^rffl»B^ja*iMCctODNA £ftiS<!: UTlsIiKU 
&. £©DNA £70XX*/-;V"CftiMk MEKAL 
50^1 ©Klenowg&irfK (Kilo-Sequence Deletion Kit, 
SSStt) fcMBU 4ijitfc© Klenow fragment (ffli 
Jfilt) «JDiLT37 , C45»IHIK**'ft*CiJCJ:OXhoI* 

x 2[si^7xy--;w/^DD^;i/Aiam*ff^S6nfe 

*/g(Cl/10£©3Mim^HJ^A(pH 5.3)*±tf 2.5£ 

©x* y -jizm^ms u -4ot: i nm» sss^ic 

±0ttB£LTDNA £n**E«**20tf 20 

1 ©TEKJMU 0.8X7;tfn-:*«SikB&lc*W\ » 
8kb ©DNA Bffr*^^X/t^y--CI3iRl/&. SStlfc 
DNA erfr»50ng££iIjg*fcDNA y—>a b© 
A«30m1 > B&6/il tH#u le'C-fftEiSStt, 
a2*tt£J:DSttfl:L&. C©DNA S#Q0/il £J8^ 

t*b« 101*3 >tfx>h-fe;u <s««tt) ft*;^ 

Settle* D»H<E*U 50 Ml /Bl©7>fcT5/U>& 
£tHJ:/U-H;:S€r37 , C-||M*Lfc. #^tlfcnn 
=-KO^T7^*'J««ttt:±O^X5FIHlA £H 

[0066] t hppi ommz&zmi 

i:EO#JHT?«»Lfct hPDI %^7X5 KpAHhPDIL 
yl£ffl^THTfc*-r#tt"Ck hPDI ©W8fcJ;-53i« 

[0 0 6 7] YPDr/U-F <2%^9b^b>. 13K 
-Xhl+Xh7^h. 2X^F^»fe«fctf 1.5***) 
±TSgUfcP«AH22*©mi3nx-$ 5ml ©YP Dig 
ifc C2X/t^F^F>, iH-xhx+xh7^hfeJ; 4? 

2*:/F*» K««L30t24»IB«SttSL&. C 
OffifSft* 0.9ml£45ml©YPDigifctC»SW0t:TiI 
BttBU ODooo (■«) JW» 0.5fcBLfc£;i3T 

£ 3ml© 0.2MLiSCNKH»U -£©5^© lal&aWC 
3ft^ttt«tl/T«»*lHliRbfc, CO>mmz46ti\ ©50 
% PEG#4000, 10ul ©LiSCN *5<fctf7;kfr 'JSSftT 
EigiLfcpAHhPDILyl DNA&i&lO u 1 (DNA27 u I ft) &ftl 
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thxm^it. c©@#£iooui ©s$s*rffi® 

L, SD (-Leu) [SD(-Leu)i&Je (0.67XM£h 

-hny>^-^, 2X:/F'>»* 20mg/l ©7r->. 

|/^r>, 30mg/l (OfDyX H>fyn 
-fvX HUvX 50mg/l (07i-^77->, 100m 
g /I ®7X/t5*>B, Bi0l^5>B, 150mg /I 
©A'iJ>, 200mg/l ©XU*x>:fc<fctf 375mg/l © 
•fc»J> CK±07 3ytttt»#aHM» ) fccktf 1.596 
±IC^^> SOtTWItfc. «s 5B@ic^en 
5ml ©SD (-Leu) i&»tC»SL30'C 2 0 
faj&^eSUfc. 100*1 £ 5ml©YPD 

%mz&m\,w 9 czmmim%&Lit. ^^n^isass 

1.5mlSaiC?»ia(C^tt±» 500*1 fcEWU £tt£ 
0SDSHPAGEffltf>7;HM» (125mM Tris-HCl (pH6.8) 

, 4XSDS , 20xyu-tux loxfl-^ar/hx* 
y-;i/^j:t;o.oi^yD ; E7xy-^^-) tc«A 

A) (cTma*ia^fTt>fc. c©y;u$»fiffi (o.i5* 

^7->-^iJU7>h^K lO^i^fc^tMO!*;** 

r^fis, aoxBK^itMox^^y 

;VtUT±IBpAH $ffl^tLT±^©pAHhPDILyliCa 

(«^fi94.000) , ^vJkffl7;U> r ^> (67,000) , * 
#7Jl/^^> (43,000) , £-#n^7>t: F^-if 

(30.000) , *IhU^>M>tW- (20.000) * 
<J:^a-7^h7^^> (14,000) ftffi^fc (S3 
0) o ^©«^, ^*B55K 0»«fc*£Hrt-2:A:# 
r^fc. ^©»^a«, ^IftPDI ©5H^St-aUT*5 

oswt-r^bhPDi ^jea»»b&fe©tja«rsn 
c t & e » t uxHT©¥)B-c*fi«a*ff o fc, 

[0 0 6 8] pAHhPDILyl««»1-*»«AH22«0*3 
DX-$80mI©SD (-Leu) SKI:ttlU 301C 20 BBS 
Si&^bfe. »SnfcW»«l[*80Bir^4lOYPD • 
y>H*» (YPDSffi, 6g/l ©Nat HPO< ^ 
Atf 3g/l ©KHj P04, pH 7.0) C»iL, 30TC2 

4^ffi®s«^$ffofc. c:©«eis$a^>^ic^^ 

[0 069] 

ft, 5<J#7-5U^>H*H85a» (**»^S30.00 
0) ftfflU, 40f&Sffi£fTofc(100ml) ft. TSK-gel Phe 
nyl-5PW»*tt*7AJC±0, thPDI^ilfc. 
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&*&*7AI*0.85M&£, 0.05* NaNi S^trlOnM* 
2&-10mM KCl®S5i£pH %.QV*m{tbft$><DftP>* 1 

25#rj]t> aft&d$tt»aa&a^£tt8ttaft£3E 

ml/min T&*„ ;itD«S££g§4 HKS"T. JS5HK 
fcL WBSnfcfc hPD I©SDSQftMcaHft«"f, 

ciott hpd i tte«s»-oa»ic*r»asft. 

[00 7 0] PD IgfePiMg 

p d i a&oMttt. Stc ■ Xtt • SBflsfc i*#ft"C 

f^SLfeX^7>^;l'H 1 J#^^U7— tfA(RNase A) 

>t^i/7— t?A©n«dftoa««, -toaasttoigft 

T. 

[0 0 7 1] X^^>^KRNase A : 120mgtf>R 2? 

Nase A «6M£f7X$;>aB. O.lSM^^Wh- 
;Uft*tt3Bl©0.1MhUxaM«KpH8.6 fcB»Ufc 
ft, a*««TT. 15^KSMTjl5c^fTofc. M7nft 
S0.01N HC1 TTOft:$-&fcir7TX!y^XG-25^^A 

(15mm <f>x 38cm) T^tE^^I^SU^:. CCBRigfijiC^ 

7-y>jaa*«»a*6Ha:ft««k3fciHiA* skmj 

Bn 4t;T14HMfTfc=btt&. £CDK»£-80 , CT«# 

[0 0 7 2] PD Iffi&0$£:3SB&£;66Lfc55inM 30 
1)>B«WK (PH 7.5) 20ml 10 /il OlMv^XU 
< h-Jl/fciDAfctOSHaU C©«*»>S10/iI * 

7.5) 420 /tl K»*30tT 5 ^£±12 
X^7>y;UHRNase Jg&SOjil SJDA30X:, 15#¥£ 
ftdtt*. ddT. 1.945ml <Oil» UfcSOnMKUX* 
B, 5mM mte?#**sVl»* 25mlH6fl;*U , >A**tr« 
ffififc)H7.5 50 M <ZH~XhRNA&ffi (lOmMMJ 
X«B8«*pH7. 5/lmM EDTA. 280nm®K%a80lC&* J: 
?l::l®fii5Lfcfc<D) ftlemft^tJt'Kltt*., m#Lfc 40 
#Sfi**45t;fcfc*±5IC¥»tStt*. £<D<h£26 
Onm "C©«3t«*«fl:l/av^tftaBl/T*<. 

H-;Ma31bfcX*7>^H RNase A}gK#> 
&5itl BtO, cn&-fe;U*©««i:*'«fft*t6, 0.2 
2 #fH!260nm TOK#ffi£$l£o PDI»tttt26 
Onm T?Oi83t«fla«©fflii*»6*«66n5, 
[0 0 7 3] hhPD I %S^7X ^ HpAHhPDILyltC «fc 
*B»HlS2 3tt«P»gg& 
t hPD ISBS^XS FpABhPDILyl£#^T. HT© 
*IHK«^HSA*a»«HI S2 3* [»H 3 l t 2 -57 50 



&EPF6-38 7 7 1 

885 ^/l8XWS^mil351 # (FERM P-113 
8) ] «#R0E&Lfc. 
[0 0 7 4] YPD^-h (2%Mhb')7h>* 

1.5X*» ±Tig&bfcHS A5SStP#H I S 2 3 
»CO¥-nn--$5ialOYPDi&^ (2X/t*hhU 
7h>, lX<-XhX*Xh?*h*5J:tf2X;/|** 
m iCttiL, 3 0"C-C2 4P5IHfifi*fiUi. CCDS 
a«lml£5 0ml©YPD»«K«fi»3 0*CT&&J& 
«U ODeoo (8ft) ffi O.SgftlC^LfciiCSTa 

4 6^1 ©5OX#UX?U>^U3-;V#4000, 10 
a! OL 1 SCN*±tf7^*U*Btt [Birnboim. H. 
C. & Doly, J. (1979) Nucleic AcidsRes . _7, 151 
3.]Ti!$SLfcfc hPD I»S^XS KpAHhPDILyl DN 
AB&l OmI (DNAJW2 0/ig») SJD^K^yr 
W >^lC < fc9Jg'&U 3 OtT-MLL CfttC 1 
miaaB*6AiXJHBa. a*»lifcJ:DB*Wt«i 
UTEPKLfc. dOS#£10 0wl 0aB*~cna 
U SD (-Hi s, -Leu) ?V-b [SD <-H 
i s, -Leu) (0.67%A£hnhny>^- 
X, 2X:/H9», 2 Omg/1 (07r-X Hr>9^ 
;k Hh'J^h77X H7/M?=>. H***x>. 
3 0mg/l CO^DvX H-fVn-f^X HUS», 5 
Omg/1 07x-Jl^77->, 10 Omg/1 (7)7 X A ^ 
H£OV*3>B. 1 5 Omg/1 ©AU>, 2 0 
Omg/l ©M/t->^W3 7 5mg/l <Z>*feU> (& 
±©73/ai»3K«M*3CAaW ) *3<fctf 1.5X« 
33 ±IC^^3 Ot:TiSSLfco «^5 0a-c^u-h 

[0 0 7 5] ^e»nfe^Sea# (pAHhPDILyVHIS23) 

ViTKT©*««r J; OPDI ©*S£H^&. 
IB3>hn-j«ai:UT, pAHhPDILyl^^PDIcDNA 
»*BV>fc3>hD-J^7X5 HpAHftfflV>T#6 
n&»mE»»(pAH/HIS23) $£4Tffiffi bfc. ^U- h 
±CD3nn— $5ml©SD (-Hi s, -Leu) igift 
lC*at3 0T:T2BBIfflB»8l/fc. -<7)^^1 
0 0 Ml *5al0YPD**lC»a«3O , C2 4«fHIIB 

mm&L. ®*>wt%%m LSmisait^a^w*© 
±fS5oo/zi £Ihj«l. ^nit^$<ox^/-;i/^ija 

x/1#U-*-fcJ:DW5E«»b&. ^f>n^fl:«^i 

0u\ ©SDS-PAGEfflt>^g®ffi [62.5mMT 
ris-HC!(pH6.8), 2%SDS, , 5%&-*M7bX 
0.005^yP^7x/-^yjU-^ckt;2 0 
Xinj-t'J>] IIS^L, 5»W«^aSDS-PAG 

yu-h4/2o-ioio (aHb^aaft^ttao t 
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J-M TftfeS, KfifS (1 0%m®.*>£Z}4 0%* 

cos, #?&%mtvry*zy*V7— t?b (#^S 

94,0005OH*>£, ^5/JlU87;^5> (67,000) , :* 
X7)l-?Bi> (43,000) , #-#:iy*7>bF5-Hf 
(30,000) % *ShU^>^f>tli*- (20.000) & 
<£tfa-7^ 1*7^73 > (14,000) fcffl^fc (£§6 
0) . pJfflhPDILyll;:<fcoTflm«E»Lfc»S 
H I S 2 3 5H^W55. OOO^U hXOPDIOS 

[0076] b h p d i (ph s A»a»m;»-r^»* 
±Eo»*i:*MHSAa«ti;pD i co^xsxeffi 

^T, bhPD I ©HSA»^8H;:#T*»**firF 

[0 0 7 7] 3>hD-;^7X5 KpAHfccktfbh 
PD I M^7X5 KpAHhPDILyl-en-entCctoT^g 
&&LfcSP#HI S2 3S, HP^p AH/HI S2 3* 
*$<£tfpAHhPDILyl/HIS23 &Offi£Lfcnn-- 5^1" 
z>&&* SmlOSD (-Hi s, -Leu) SMfe(C»ffl 
L3 0tT2 4ttmtt*««TD&. CC^IBiSSfSlO 
OmI fc^n^nSmlOYPDJgififCiSSLS 0t:T2 

fe(C<fcOSDS-PAGEfflOS^S:^SlbSDS-P 
AGEfcfrfcofc (317 0) . SSftfcyjl'ftffl^T, 
Sft©HSA^Mf>'>h^-^- (IMAGE ANALYS 
IS SYSTEM , x7r2«j£&ttK) TfififcU PDI0 
*»»lcJ;4HSA©58a»»SO*fls*H^& (SB 8 
0) . *0«8£, p AH/H I S 2 3«r?¥*50.93mg/ 



2* 



J0 



a? 



1 £fcpAHhPDILyl/HIS23 #TBi;< 1.50ns/ 1 0>HS 
ASriH&LTfcD, I S 2 38clC*5tt* b h P D 

I©*«Sfc,kD* HSA(0»8Itt?iST!ft6 0X© 

[0 0 7 8] 

mrnvftm b^jni»7^5>yi/^n 
-f y * ^—tffifi^t *^ c t 

\Z J: 0 . thPDI ©*fi£fflS ©¥&£ffl»T*fi: L 
fcfcCDTfc*. CtlfciD, £©2rtttt. S-S^<0 

0, U^^HO»*JBI]BlcJ:*a4»*Sr 
[0 0 7 9] 

amta 

mmm : 1 

&#J0>S3 : 2454 
£9109 : VOL 



: cDNA to mRNA 
mU: b MffHXJa»»Agt ll cDNA^-f^U- (CI 
ontecMfc) 



GAATTCCGGG GGCGACGAGA GAAGCGCCCC GCCTGATCCG TGTCCGAC ATG CTG CGC 57 

Met Leu Arg 
-15 

CGC GCT CTG CTG TGC CTG GCC GTG GCC GCC CTG GTG CGC GCC GAC GCC 105 
Arg Ala Leu Leu Cys Leu Ala Val Ala Ala Leu Val Arg Ala Asp Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 153 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Phe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 201 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 249 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 297 
Gly Lys Leu Lys Ala Glu Gly Ser Glu lie Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 345 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 
70 75 80 
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CCC ACC 
Pro Thr 

TAT ACA 
Tyr Thr 
100 
CGC ACG 
Arg Thr 
115 

TCC TTG 
Scr Leu 

GTG GAG 
Val Glu 

GAT GAC 
Asp Asp 

TAC CAG 
Tyr Gin 
180 
GGC CGG 
Gly Arg 
195 

TTT ATC 
Phe He 

ACA GCC 
Thr Ala 

TTC TTG 
Phe Leu 

AAA ACA 
Lys Thr 
260 
GAC AGC 
Asp Ser 
275 

AAG AAG 
Lys Lys 

ATG ACC 
Met Thr 

ACA GAG 
Thr Glu 

ATG AGC 
Met Ser 



26 



ATC AAG 
He Lys 
85 

GCT GGC 
Ala Gly 

GGC CCG 
Gly Pro 

GTG GAG 
Val Glu 

TCG GAC 
Ser Asp 
150 
ATA CCA 
He Pro 
165 

CTC GAC 
Leu Asp 

AAC AAC 
Asn Asd 

AAA CAC 
Lys His 

CCG AAG 
Pro Lys 
230 
CCC AAG 
Pro Lys 
245 

GCA GCC 
Ala Ala 

GAC CAC 
Asp His 

GAAGAG 
Glu Glu 

AAG TAC 
Lys Tyr 
310 
TTC TGC 
Phe Cys 
325 

CAG GAG 
Glo Glu 



TTC TTC AGG 
Phe Phe Arg 

AGA GAG GCT 
Arg Glu Ala 
105 

GCT GCC ACC 
Ala Ala Thr 

120 
TCC AGC GAG 
Ser Ser Glu 
135 

TCT GCC AAG 
Ser Ala Lys 

TTT GGG ATC 
Phe Gly lie 

AAA GAT GGG 
Lys Asp Gly 
185 

TTT GAA GGG 
Phe Gin Gly 

200 
AAC CAG CTG 
Asn G1d Leu 
215 

AH TTT GGA 
He Phe Gly 

ACT GTG TCT 
Ser Val Ser 

GAG AGC TTC 
Glu Ser Phe 
265 

ACC GAC AAC 
Thr Asp Asn 

280 
TGC CCG GCC 
Cys Pro Ala 
295 

AAG CCC GAA 
Lys Pro Glu 

CAC CGC TTC 
His Arg Phe 

CTG CCG GAG 
Leu Pro Glu 



AAT GGA 
Asn Gly 
90 

GAT GAC 
Asp Asp 

ACC CTG 
Thr Leu 

GTG GCT 
Val Ala 

CAG TTT 
Gin Phe 
155 
ACT TCC 
Thr Ser 
170 

GTT GTC 
Val Val 

GAG GTC 
Glu Val 

CCC CTT 
Pro Leu 

GGT GAA 
Gly Glu 
235 
GAC TAT 
Asp Tyr 
250 

AAG GGC 
Lys Gly 

CAG CGC 
Gin Arg 

GTG CGC 
Val Arg 

TCG GAG 
Ser Glu 
315 
CTG GAG 
Leu Glu 
330 

GAC TGG 
Asp Trp 



GAC ACG 
Asp Thr 

ATC GTG 
He Val 

CCT GAC 
Pro Asp 
125 
GTC ATC 
Val He 
140 

TTG CAG 
Leu Gin 

AAC AGT 
Asn Ser 

CTC ITT 
Leu Phe 

ACC AAG 
Thr Lys 
205 
GTC ATC 
Val lie 
220 

ATC AAG 
lie Lys 

GAC GGC 
Asp Gly 

AAG ATC 
Lys He 

ATC CTC 
lie Leu 
285 
CTC ATC 
Leu He 
300 

GAG CTG 
Glu Len 



GCT TCC 
Ala Ser 
95 

AAC TGG 
Asn Trp 
110 

GGC GCA 
Gly Ala 

GGC TTC 
Gly Phe 

GCA GCA 
Ala Ala 

GAC GTG 
Asp Val 
175 
AAG AAG 
Lys Lys 
190 

GAG AAC 
Glu Asn 

GAG TTC 
Glu Phe 

ACT CAC 
Thr His 

AAA CTG 
Lys Leu 
255 
CTG TTC 
Leu Phe 
270 

GAG TTC 
Glu Phe 

ACC CTG 
Thr Leu 

ACG GCA 
Thr Ala 



GGC AAA ATC AAG 
Gly Lys He Lys 
335 

GAC AAG CAG CCT 
Asp Lys Gin Pro 



CCC AAG GAA 
Pro Lys Glu 

CTG AAG AAG 
Leu Lys Lys 

GCT GCA GAG 
Ala Ala Glu 
130 

TTC AAG GAC 
Phe Lys Asp 

145 
GAG GCC ATC 
Glu Ala He 
160 

TTC TCC AAA 
Phe Ser Lys 

TTT GAT GAA 
Phe Asp Glu 

CTG CTG GAC 
Leu Leu Asp 
210 

ACC GAG CAG 
Thr Glu Gin 

225 
ATC CTG CTG 
He Leu Leu 
240 

AGC AAC TTC 
Ser Asn Phe 

ATC TTC ATC 
He Phe He 

TTT GGC CTG 
Phe Gly Leu 
290 

GAG GAG GAG 
Glu Glu Glu 

305 
GAG AGG ATC 
Glu Arg He 
320 

CCC CAC CTG 
Pro His Leu 

GTC AAG GTG 
Val Lys Val 



393 



441 



489 



537 



585 



633 



681 



729 



777 



825 



873 



921 



969 



1017 



1065 



1113 



1161 
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(15) 

2? 28 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 
Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glo Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Clo Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 
Ala Pro He Trp Asp Lys Leu Gly Glu Tbr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 
He Val He Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG TAA TACGCAAAGC CAGACCCGGG 
Asp Gin Lys Ala Val Lys Asp Glu Leu * 

485 490 
CGCTGCCGAG ACCCCTCGGG GGCTGCACAC CCAGCAGCAG CGCACGCCTC CGAAGCCTGC 
GGCCTCGCTT GAAGGAGGGC GTCGCCGGAA ACCCAGGGAA CCTCTCTGAA GTGACACCTC 
ACCCCTACAC ACCGTCCGTT CACCCCCGTC TCTTCCTTCT GCTTTTCGGT TTTTGGAAAG 
GGATCCATCT CCAGGCAGCC CACCCTGGTG GGGCTTGTTT CCTGAAACCA TGATGTACTT 
TTTCATACAT GAGTCTGTCC AGAGTGCTTG CTACCGTGTT CGGAGTCTCG CTGCCTCCCT 
CCCGCGGGAG GTTTCTCCTC TTTTTGAAAA TTCCGTCTGT GGGATTTTTA GACATTTTTC 
GACATCAGGG TATTTGTTCC ACCTTGGCCA GGCCTCCTCG GAGAAGCTTG TCCCCCGTGT 
GGGAGGGACG GAGCCGGACT GGACATGGTC ACTCAGTACC GCCTGCAGTG TCGCCATGAC 
TGATCATGGC TCTTGCATTT TTGGGTAAAT GGAGACTTCC GGATCCTGTC AGGGTGTCCC 
CCATGCCTGG AAGAGGAGCT GGTGGCTGCC AGCCCTGGGG CCCGGCACAG GCCTGGGCCT 
TCCCCTTCCC TCAAGCCAGG GaCCTCCTC CTGTCGTGGG CTCATTGTGA CCACTGGCCT 
CTCTACAGCA CGGCCTGTGG CCTGTTCAAG GCAGAACCAC GACCCTTGAC TCCCGGGTGG 
GGAGGTGGCC AAGGATGCTG GAGCTGAATC AGACGCTGAC AGTTCTTCAG GCATTTCTAT 
TTCACAATCG AATTGAACAC ATTGGCCAAA TAAAGTTGAA ATTTTACCCA CCCAAAAAAA 
AAAAAAAAAA CCCGAATTC 



6-38771 



1209 



1257 



1305 



1353 



1401 



1449 



1497 



1545 



1595 



1655 
1715 
1775 
1835 
1895 
1955 
2015 
2075 
2135 
2195 
2255 
2315 
2375 
2435 
2454 



£9t®«a : fiOttt (¥-&j£DNA) 



ATG AAG TGG GTT ACC TTC ATC TCT TTG TTG 
Met Lys Trp Val Thr Phe He Ser Leu Leu 

-20 -15 



30 
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29 30 
TTC TTG TO TCT TCT GCT TAC TCT AGA GGT GTT TTC AGA AGG GGC GCC 78 
Phe Leu Phe Ser Ser Ala Tyr Ser Arg Gly Val Phe Arg Arg Gly Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 126 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Pbe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 174 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 222 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 270 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 318 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Glu Tyr Gly Val Arg Gly Tyr 

70 75 80 

CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 366 
Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 414 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp lie Val Aso Trp Leu Lys Lys 

100 105 110 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 462 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 510 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 558 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 606 
Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 654 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 702 
Gly Arg Aso Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 750 
Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 798 
Thr Aia Pro Lys He Phe Gly Gly Glu He Lys Thr His He Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 846 
Phe Leu Pro Lys Ser Val Ser Asp Try Asp Gly Lys Leu Ser Asn Phe 
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31 32 
245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 894 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He Phe lie 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 942 
Asp Ser Asp His Thr Asp Asn Gin Arg lie Leu Glu Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 990 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1038 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg He 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1086 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys lie Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1134 
Met Ser Glu Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 1182 
Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 1230 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Glu Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1278 
Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1326 
He Val lie Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 1374 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 1422 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1470 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1518 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG 1545 
Asp Gin Lys Ala Val Lys Asp Glu Leu 
485 490 
3 h#D^-:ulf@tt 
m\V>&Z : 491 E^coa^ : *>/^S 
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33 34 
Gly Ala Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn 

1 5 10 15 

Phe Ala Glu Ala Leu Ala Ala Bis Lys Tyr Leu Leu Val Glu Pbe Tyr 

20 25 30 

Ala Pro Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys 

35 40 45 

Ala Ala Gly Lys Leu Lys Ala Glu Gly Ser Glu lie Arg Leu Ala Lys 

50 55 60 

Val Asp Ala Thr Glu Glu Ser Asp Leu Ala Gin Glu Tyr Gly Val Arg 
65 70 75 80 

Gly Tyr Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro 

85 90 95 

Lys Glu Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu 

100 105 110 

Lys Lys Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala 

115 120 125 

Ala Glu Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe 

130 135 140 

Lys Asp Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu 
145 150 155 160 

Ala He Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe 

165 170 175 

Ser Lys Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe 

180 185 190 

Asp Glu Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu 

195 200 205 

Leu Asp Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr 

210 215 220 

Glu Gin Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He 
225 230 235 240 

Leu Leu Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser 

245 250 255 

Asn Phe Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys lie Leu Phe He 

260 265 270 

Pbe He Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe 

275 280 285 

Gly Leu Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu 

290 295 300 

Glu Glu Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu 
305 310 315 320 

Arg He Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro 

325 330 335 

His Leu Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val 

340 345 350 

Lys Val Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys 

355 360 365 

Lys Asn Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys 

370 375 380 

Gin Leu Ala Pro lie Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His 
385 390 395 400 
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35 36 
Glu Asd He Val lie Ala Lys Met Asp Ser Thr Ala Asd Glu Yal Glu 

405 410 415 

Ala Val Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser 

420 425 430 

Ala Asp Arg Thr Val He Asp Tyr Asd Gly Glu Arg Tbr Leu Asp Gly 

435 440 445 

Phe Lys Lys Phe Leu Glu Ser Gly Gly Glu Asp Gly Ala Gly Asp Asp 

450 455 460 

Asp Asp Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu 
465 470 475 480 

Asp Asp Asp Gin Lys Ala Val Lys Asp Glu Leu 
485 490 
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